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Abstract
Background: The built and natural environment and health are inextricably linked. However, there is considerable
debate surrounding the strength and quality of the evidence base underpinning principles of good practice for
built and natural environment design in promoting health. This umbrella review aimed to assess relationships
between the built and natural environment and health, concentrating on five topic areas: neighbourhood design,
housing, food environment, natural and sustainable environment, and transport.
Methods: A structured search was conducted for quantitative systematic reviews and stakeholder reviews
published between January 2005 and April 2016. Seven databases and the websites of 15 relevant and respected
stakeholder organisations known to publish review-level documentation were searched. Searches were limited to
English-language publications and duplicate references were removed. Evidence quality and strength was appraised
using validated techniques. Findings were used to develop a diagram for each topic area, illustrating relationships
between built and natural environment planning principles and health-related outcomes.
Results: A total of 117 systematic reviews and review-level documents were eligible for inclusion. The quality of
evidence was mixed; much of the evidence examined relied on findings from cross-sectional studies, making it
difficult to draw clear causal links between built environment exposures and health-related impacts and outcomes.
Fourteen actionable planning principles associated with positive health-related outcomes were identified across the
five topic areas. For example, neighbourhoods that enhanced walkability, were complete and compact in design,
and those which enhanced connectivity through safe and efficient infrastructure were associated with better
health-related outcomes relating to physical activity, social engagement, mental health, perceptions of crime, and
road traffic collisions. Evidence for the effectiveness of planning principles across different topic areas and on
reducing health inequalities was sparse and inconclusive.
Conclusions: Findings provide an up-to-date overview of relationships between the built and natural environment
and health and present logical, evidence-based messages to aid communication between public health and
planning professionals.
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Background
The built and natural environment encompasses object-
ive and subjective features of the physical environment
in which people live, work and play, [1] and there is a
considerable body of evidence linking the built and nat-
ural environment with health and wellbeing [2, 3]. As
such, public health and planning professionals are in-
creasingly encouraged to consider the built and natural
environment as an important determinant of health [3].
Establishing a causal relationship between built and nat-
ural environment characteristics and health outcomes is
not easy. Much of the evidence to date relies on findings
from observational epidemiological studies which high-
light associations between the built and natural environ-
ment and health. However, the broadly cross-sectional
nature of the evidence base means it is often difficult to
determine cause and effect relationships between built en-
vironment exposures and health-related impacts and out-
comes, and the potential effectiveness of interventions [2,
4]. It has also been acknowledged that evidence for the ef-
fectiveness of built environment interventions on tackling
health inequalities is limited and unclear [2].
The translation of research evidence into practice has
been hindered by the sheer complexity of relationships
between the built environment and health, in that they
are both influenced by numerous, and sometimes con-
flicting factors [5], and the methods used to assess these
relationships are rarely longitudinal [6]. These factors
make it difficult to develop approaches that can be uni-
versally applied [5].
Despite these challenges, the volume of literature pub-
lished in the last decade on links between the built and
natural environment and health cannot be ignored.
There is a need to take stock of the existing evidence
base to consolidate our understanding and, where ap-
propriate, to make recommendations to support those
working in public health and planning professions. It
was in response to this need that in January 2016 Public
Health England (PHE) commissioned this umbrella re-
view. The emergence of umbrella reviews in recent years
has provided an attractive strategy for organising and
assessing a wide range of review-level evidence [7, 8].
The approach is increasingly used in public health re-
search and practice, bringing together a wide range of
evidence to explore what is known about a topic in an
attempt to guide the decisions of policy makers [2, 9,
10]. Through this umbrella review we aimed to assess
the relationships between the built and natural environ-
ment and health, concentrating on five topic areas:
neighbourhood design; housing; food environment; nat-
ural and sustainable environment; and, transport. The
topic areas were defined by the funders, PHE in re-
sponse to a previous review [11]. PHE colleagues
reviewed the Canadian publication which seemed to
have a resonance with the focus of their work in this




A structured search of the Cochrane Database of System-
atic Reviews, EPPI-Centre, MEDLINE, PsycINFO, Safety-
Lit, Transport Research Information Service, and Applied
Social Sciences Index and Abstracts was conducted in
April 2016 to identify quantitative systematic reviews
(Table 1). Given the practice-based focus of this umbrella
review, and in accordance with previous umbrella reviews,
[10] we also manually searched the websites of fifteen
relevant and respected stakeholder organisations for
review-level evidence on the built and natural environ-
ment and health (referred to as ‘stakeholder documenta-
tion’ from this point on) (see Additional files 1, 2 and 3).
Reference lists of eligible reviews were searched, and
contact with experts working in the built and natural en-
vironment and health fields was initiated to identify docu-
mentation not identified through the database search.
Search terms were adapted from recent systematic reviews
examining aspects of the built environment and health, [3,
12, 13] and were categorised according to built and nat-
ural environment characteristics, health-related impacts
and/or outcomes and study type.
Inclusion and exclusion criteria
If a review presented findings on more than one of the five
built environment categories or on more than one health
outcome, these were assessed and reported separately. Re-
views reporting on adults and children (of all ages) were
considered for inclusion, as were all health-related out-
comes (physical and mental). Reviews published between
January 2005 and April 2016 and conducted in high- and
middle-income countries (Europe, North America, Aus-
tralasia, and Japan) were eligible. Searches were limited to
English-language publications and duplicates were re-
moved. Evidence from qualitative systematic reviews was
excluded. In line with previous umbrella reviews, [2, 9, 10]
systematic reviews were required to meet the Database of
Abstracts of Reviews of Effects criteria: (1) inclusion of de-
fined research question and (2) search strategy including
at least one named database, in conjunction with either
reference checking, hand searching, citation searching or
contact with authors in the field.
Data extraction
Potentially eligible papers were screened for inclusion by
one reviewer (JI) according to title and abstract. A 10%
sample of search results was independently assessed by a
second reviewer (EB). Full text articles and stakeholder
documentation were then obtained and assessed by two
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reviewers (EB, JI) against the inclusion criteria. Descrip-
tive data were extracted using a data extraction tool (au-
thor, year of publication, population of interest, health
outcome(s) and key findings).
Quality appraisal
Quality of review-level evidence
The Methodological Quality Checklist (MQC), [9] a
7-item appraisal tool, was used to assess the quality of
each review. Reviews were rated from 0 to 7, with those
scoring four or more deemed moderate-to-high quality,
and reviews scoring three or fewer deemed poor quality
and subsequently excluded. At the time of writing there
was no recognised measure for assessing the quality of
stakeholder documentation. As such, an adapted version
of the MQC, the Methodological Quality Checklist for
Stakeholder Documents and Position Papers (MQC-SP),
was applied [12]. Stakeholder documentation scoring four
or more was considered moderate-to-high quality. Docu-
mentation scoring three or fewer was excluded. Quality
appraisal was conducted by three reviewers (EB, JI, JBA).
Quality of empirical evidence informing review-level
evidence
The quality of empirical evidence informing each of the
reviews was categorised according to one of three
groups: high, moderate, and low. In most cases, alloca-
tion of quality rating was based on the rating provided
by the original author(s) of each review. However, in
some cases a quality rating was not provided by the ori-
ginal authors of a review, and as such, the quality of the
empirical evidence could not be determined. In such in-
stances, a quality rating of ‘not reported’ was used.
Data synthesis
Findings from each review were grouped according to
presence of what we defined as a ‘modifiable feature’.
This is a feature of the built and natural environment
that, if altered in some way, is associated with a positive
impact upon people’s behaviours or lifestyles, and/or
health outcomes. For example, an improvement in light-
ing within the home environment (modifiable feature)
was found to be associated with improved social out-
comes (behavioural impact) and reduced fall-related in-
juries among older adults (health outcome). Each
modifiable feature was then categorised into a broader
theme, known as a ‘planning principle’. For example, the
modifiable feature ‘improved residential lighting’ was
categorised into the broader planning principle ‘im-
proved quality of housing’. In some instances, more than
one piece of review-level evidence reporting on the same
health impacts and/or outcomes was identified. To avoid
possible duplication or over-stating of results, planning
principles and modifiable features were generated from
the review-level evidence deemed to be of the highest
methodological quality. This process was followed for all
documentation included in this review, according to
each of the five topics of interest.
Results
Figure 1 summarises the search results. A total of 117
systematic reviews and review-level documents met the
inclusion criteria. Many reviews addressed more than
one of the five built and natural environment categories
suggesting that although there are distinctions between
each of the areas, they are also strongly interconnected.
In such instances, findings relevant to each topic area
were extracted separately and this resulted in the follow-
ing breakdown of eligible reviews for each category:
neighbourhood design (N = 32), housing (N = 23), health-
ier food environment (N = 20), natural and sustainable
environment (N = 49), and, transport (N = 29). A full ref-
erence list of included studies, details of study character-
istics and quality can be found in the online additional
material. Figures 2 to 6 present a visual representation of
Table 1 Search strategy for electronic databases
Built environment
characteristics
Built environment OR neighbourhood design OR
housing OR healthy food OR natural
environment OR sustainable environment OR
transport* OR smart growth OR urban planning
OR urban environment OR physical environment
OR spatial planning OR food availability OR food
environment OR open space OR outdoor* OR
countryside OR nature OR allotment OR air
quality OR air pollution OR construction facility
OR design OR planning OR land use mix or
residential OR walkability OR traffic OR green
space OR social mix OR housing mix OR
salutogenic environments OR liveable
environments OR urban design OR cycle
networks OR cycle provision OR pedestrian
provision OR car-free developments OR home
zones
AND
Health outcomes Health outcome OR health OR health gain* OR
injury preven* OR accident OR physical health
OR mental health OR emotional health OR
blood pressure OR physical activity OR diet OR
activ* OR exercise OR nutrition OR energy intake
OR obes* or overweight OR fruit and vegetable
OR cardiovascular OR CVD OR suicide OR
violence OR disorder OR road safety OR
wellbeing OR well-being OR disability OR
sedent* OR moderate-to-vigorous physical
activity OR MVPA or weight status OR walking
OR cycling or road traffic collision OR RTC or
RTA or alcohol
AND
Study type Systematic review OR meta-analys*
Note. * = Truncation. Electronic databases searched: Cochrane Database of
Systematic Reviews; EPPI CENTRE; MEDLINE; PsycINFO; SafetyLit; Transport
Research Information Service (TRIS); and, Applied Social Sciences Index and
Abstracts (ASSIA)
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Systematic reviews identified 
through database searches
(n = 175)








excluded following full text 
assessment
(n = 26)
Systematic reviews excluded 
following full text assessment
(n = 19)
Full-text systematic reviews 
assessed for eligibility
(n = 130)
Full-text stakeholder documentation 
assessed for eligibility
(n = 32)
Systematic reviews included in this 
umbrella review
(n = 111)
Systematic reviews excluded 
following title and summary 
screening (n = 98)
Stakeholder documentation 
included in this umbrella review
(n = 6)
Documents identified by experts 
and hand searching of reference 
lists (n = 53)
Fig. 1 Flowchart for eligible systematic reviews and stakeholder documents
Fig. 2 Neighbourhood design planning principles and modifiable features
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findings for each of the built and natural environment
topics of interest.
Eligible reviews were based on empirical evidence uti-
lising a range of study designs and were targeted at a
variety population groups. The quality of evidence was
mixed as much of the evidence examined relied on find-
ings from cross-sectional studies, making it difficult to
draw clear causal links between specific built and natural
environment principles and features and health-related
outcomes: one review included original empirical studies
deemed to be high quality (1%), 11 reviews contained
evidence of moderate-to-high quality (9%), 25 of moder-
ate quality (25%), 14 of low-to-moderate quality (12%), 9
of low quality (8%), and for 52 reviews the quality of evi-
dence from original empirical studies was not reported
by review authors (45%). In considering the evidence
presented here, policy makers should be mindful that an
absence of high quality evidence does not mean an asso-
ciation between a planning principle and health outcome
does not exist. Further, many planning interventions can
be expected to confer co-benefits either to both health
and other outcomes, or across a number of health out-
comes. Only four reviews eligible for inclusion focused
on health inequalities; some positive results were re-
ported, but the overall picture on associations between
the built environment and health inequalities was incon-
clusive. The planning principles, modifiable features, and
health-related outcomes identified for each built and
natural environment domain, alongside an assessment of
evidence quality, are summarised in the text below and
in Table 2.
Neighbourhood design
As shown in Fig. 2, three planning principles were
identified through this umbrella review: enhance neigh-
bourhood walkability; build complete and compact
neighbourhoods; and, enhance connectivity with safe
and efficient infrastructure. Neighbourhoods with fea-
tures including street connectivity, mixed land use and
compact residential design, were found to be associated
with higher or increased physical activity among the
general population,[S1-S15] and higher or increased so-
cial engagement and mobility among older adults [S9,
S15-S16]. Moderate-to-high quality reviews reported a
positive or null association [S17-S19] between infrastruc-
ture for walking and cycling and weight status [S20]. Evi-
dence of mixed methodological quality suggested that
densely populated neighbourhoods with good access to
local facilities and amenities were associated with higher
or increased physical activity and mobility,[S9, S14, S21,
S23] higher or improved mental health,[S24-S26] and
higher social participation among older adults [S27]. Im-
provements to safety and efficiency of neighbourhood
infrastructure, for example provision of quality street
Table 2 Built and natural environment planning principles and




Increase walkability Increased social engagement
S9 (2); S15 (N/R); S16 (1–2)
Increased mobility
S9 (2); S15 (N/R); S16 (1–2)
Increased physical activity
S1 (2); S2 (3); S3 (1–2); S4 (2); S5 (2–
3); S6 (N/R); S7 (2); S8 (2); S9 (2); S10
(N/R); S11 (N/R); S12 (N/R); S13 (1);
S14 (N/R); S15 (N/R)
Improve infrastructure to
support walking and cycling
Increased physical activity
S1 (2); S2 (3); S3 (1–2); S4 (2); S5 (2–
3); S6 (N/R); S7 (2); S8 (2); S9 (2); S10
(N/R); S11 (N/R); S12 (N/R); S13 (1);
S14 (N/R); S15 (N/R)
Increased mobility among older
adults
S9 (2); S15 (N/R); S16 (1–2)
Improved weight status
S17 (N/R); S18 (N/R); S19 (2)
Build complete and compact neighbourhoods
Compact neighbourhoods Increased physical activity
S4 (2); S9 (2); S14 (N/R); S21 (1–2);
S23 (2)
Increase access to facilities
and amenities
Increased mobility among older
adults






S24 (1–2); S25 (1–2); S26 (2–3)
Enhance connectivity with safe and efficient infrastructure
Improved street connectivity Increased physical activity
S1 (2); S2 (3); S3 (1–2); S4 (2); S5
(2–3); S6 (N/R); S7 (2); S8 (2); S9 (2);
S10 (N/R); S11 (N/R); S12 (N/R); S13
(1); S14 (N/R); S15 (N/R)




S6 (N/R); S9 (2); S14 (N/R); S112
(1–2)
Reduced fear of crime
S28 (1)
Reduced road traffic collisions
S29 (1); S112 (1–2); S113 (2–3)
Housing
Improve quality of housing
Increase energy efficient
homes
Improved general and mental
health outcomes (including for
those from low-income groups)
S15 (N/R); S25 (1–2); S32 (2); S33 (N/
R); S35 (2–3); S36 (2); S42 (N/R)
Reduced mortality
S31 (1–2)
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Table 2 Built and natural environment planning principles and
modifiable features associated with improved health-related
outcomes (Continued)
Neighbourhood Design
Remove home hazards Improved social outcomes among
older adults
S39 (2); S40 (2); S42 (N/R)
Reduced fall-related injuries among
older adults
S39 (2); S40 (2)
Reduced unintentional injury
S41 (1–2); S42 (N/R)
Home refurbishment/retrofit Improved general health
S25 (1–2); S32 (2); S33 (N/R); S34
(N/R); S36 (2)
Reduced fear of crime
S28 (1)
Increase provision of affordable and diverse housing
Provision of diverse housing Increased physical activity
S21 (1–2)
Provision of mixed-use, af-
fordable housing
Increased perceptions of safety
among low-income groups
S39 (2)
Provision of affordable rental
housing
Improved mental health among
adolescents and adults
S25 (1–2); S32 (2)







S45 (2); S51 (2)
Improved health-related outcomes
S48 (1); S50 (N/R)
Reduced in substance misuse or
co-occurring mental disorders
S45 (2); S51 (2)
Improve psychiatric health
outcomes
S45 (2); S51 (2)
Increased quality of life
S45 (2); S51 (2)
Provision of affordable
housing for groups living
with chronic conditions
Increased engagement with HIV/
AIDS services
S43 (2–3); S45 (2); S47 (2)
Reduced engagement in risky
sexual behaviours among those
with HIV/AIDS




housing for the homeless
Increased engagement with
healthcare services
S46 (2); S49 (N/R)
Increased quality of life




Table 2 Built and natural environment planning principles and
modifiable features associated with improved health-related
outcomes (Continued)
Neighbourhood Design
S46 (2); S49 (N/R)
Healthier Food Environment
Increase provision of healthier, affordable food
Increase access to healthier
food
Reduced dietary fat intake
S52 (N/R)
Improved dietary behaviour
S52 (N/R); S53 (1–2); S54 (1); S55 (2);
S56 (2–3); S57 (2); S58 (N/R)
Increased fruit and vegetable intake
S39 (2); S52 (N/R)
Improved attitudes towards fruit
and vegetables
S39 (2); S52 (N/R)
Improved weight status
S61 (N/R); S62 (2); S63 (1)
Healthier food purchasing
S59 (N/R); S60 (2)
Enhance community food infrastructure
Increase urban food growing Improved attitudes towards
healthier eating
S64 (N/R)
Increased opportunities for fruit and
vegetable consumption
S9 (2); S64 (N/R)
Increased opportunities for social
connectivity
S9 (2); S64 (N/R)
Increased opportunities for physical
activity
S9 (2); S64 (N/R)
Natural and Sustainable Environment
Reduce exposure to environmental hazards
Improve air quality Increased physical activity among
older adults
S24 (1–2)
Reduce exposure to air
pollution
Reduced risk of chronic conditions
S70 (2); S71 (N/R); S72 (2); S73 (N/R);
S74 (1–2); S75 (1–2); S76 (N/R); S77
(N/R); S78 (N/R); S79 (N/R); S80 (2);
S81 (N/R); S82 (N/R); S83 (N/R); S84
(2–3); S85 (N/R); S86 (N/R); S87 (N/
R); S88 (2–3); S89 (N/R); S90 (N/R);
S91 (N/R); S92 (2–3); S93 (1–2); S94
(N/R)
Improved birth outcomes
S15 (N/R); S95 (N/R); S96 (2); S97 (N/







Improved mental health outcomes
S15 (N/R); S24 (1–2); S25 (1–2)
Reduced risk of ischemic heart
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lighting, was associated with higher physical activity,[S9]
and lower fear of crime [S28] and road traffic collisions
[S29, S112-S113]. One review examining the effective-
ness of built environment interventions in managing
symptoms of dementia reported lower behavioural
symptoms following the redesign of existing physical
space [S30].
Housing
Improvements in housing quality, such as increased en-
ergy efficiency, were found to be associated with positive
general health, mental health, asthma, and mortality out-
comes [S15, S25, S31-S38] (Fig. 3). Improvements in
warmth energy efficiency were also found to be associ-
ated with reduced health inequalities among older adults
and those with chronic conditions from low-income
groups [S32]. Moderate quality evidence indicates that
lighting improvements were associated with increased or
higher social engagement and reduced fall-related injur-
ies,[S39-S40] however, one review reported that the im-
pact of such an intervention on reducing health
inequalities was unclear [S39]. Home safety measures
such as smoke alarm installation and pre-set safe
temperature hot water heaters were associated with a
Table 2 Built and natural environment planning principles and





Reduce impact of flooding Reduced risk of carbon monoxide
poisoning
S102 (N/R)
Improved mental and physical
health outcomes
S103 (N/R); S104 (N/R); S105 (N/R)




S9 (2); S21 (N/R); S111 (N/R); S107
(1); S117 (N/R)
Reduced risk of cardiovascular
disease
S24 (1–2); S26 (2–3)
Increased motivation to engage in
physical activity
S108 (1); S117 (N/R)
Reduced obesity among
adolescents
S18 (N/R); S111 (N/R)
Improved mental health outcomes
S24 (1–2); S26 (2–3); S109 (2)
Aesthetic park improvements Increased first-time park users
S9 (2); S107 (1)
Increased physical activity
S9 (2); S18 (N/R); S107 (1);
S111 (N/R)










S1 (2); S2 (3); S3 (1–2); S4 (2); S5 (2–
3); S6 (N/R); S7 (2); S8 (2); S9 (2); S10
(N/R); S11 (N/R); S12 (N/R); S13 (1);
S14 (N/R); S15 (N/R)
Increased mobility among
S9 (2); S15 (N/R); S16 (1–2)
Improved weight status
S17 (N/R); S18 (N/R); S19 (2)
Enhance connectivity with safe and efficient infrastructure
Provision of traffic calming
measures
Increased physical activity
S6 (N/R); S9 (2); S112 (1–2); S14 (N/
R)
Reduced risk of pedestrian injury
S29 (1); S112 (1–2); S113 (2–3)
Reduced risk of road traffic collision
S29 (1); S112 (1–2); S113 (2–3); S114
(2); S115 (N/R); S116 (1–2)
Increased pedestrian activity
S112 (1–2)
Table 2 Built and natural environment planning principles and
modifiable features associated with improved health-related
outcomes (Continued)
Neighbourhood Design




S6 (N/R); S9 (2); S14 (N/R); S24 (1–2);
S112 (1–2)
Reduced fear of crime
S28 (1)
Reduced road traffic collisions
S29 (1); S112 (1–2); S113 (2–3)
Prioritise public transport








Enable mobility for all ages and activities
Increase access to
recreational space




S25 (1–2); S26 (2–3)
Note. S1–117 = Review-level evidence included in this review. See Additional
files 1, 2 and 3 for full reference list. () = Quality of original empirical studies
included within review-level evidence, as assigned by review authors. 1 = Low
quality, 2 =Moderate quality, 3 = High quality, N/R = Not reported by authors
of review
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reduction in, or lower rates of, unintentional injury
[S41-S42]. The provision of affordable and diverse housing
was found to be associated with higher or increased phys-
ical activity, primarily walking [S21] and perceived safety
among those from low income groups [S39]. Affordable
rental housing, specifically, was associated with higher or
improved mental health outcomes among adolescents and
adults [S25, S32]. The provision of affordable housing to
vulnerable individuals with specific needs, including those
living with intellectual disability, substance users, home-
less, and those living with a chronic condition was associ-
ated higher or improved social, behavioural, physical and
mental health-related outcomes [S43-S51].
Food environment
Good quality evidence on the associations between the food
environment and health outcomes is relatively sparse, and
what has been published is contradictory in places (Fig. 4).
Evidence of moderate or unreported methodological quality
indicates that the provision of healthier, affordable food in
specific delivery settings (e.g., schools, workplaces, super-
markets) is associated with higher or improved dietary
behaviours,[S52-S58] higher or improved attitudes towards
fruit and vegetable consumption,[S39, S52] healthier food
purchasing,[S59-S60] and positive associations with
weight-related health outcomes [S61-S63]. However, one
review found no evidence for an associations between af-
fordable food and energy, fat, or sugar intake,[S55] and an-
other found no association with weight-related outcomes
[S52]. Enhancing community food infrastructure through
urban food growing and provision of and access to allot-
ments and garden space was related to positive attitudes to-
wards healthier eating,[S64] higher opportunities for fruit
and vegetable consumption, social connectivity, physical ac-
tivity and engagement with healthcare [S9, S64]. Other re-
views reported mixed, inconclusive findings for associations
between the food environment and health-related outco-
mes[S22, S65–69]. Overall, it is important to exercise
caution when interpreting these findings as review-level
evidence draws upon empirical evidence that is
cross-sectional in nature, restricting our ability to draw
causal links.
Natural and sustainable environment
This review identified a wealth of mixed-quality
review-level evidence linking the natural and sustainable
Fig. 3 Housing planning principles and modifiable features
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environment with health. Reduced exposure to environ-
mental hazards, such as poor air quality, was associated
with increased physical activity among older adults[S24]
(Fig. 5). Exposure to air pollution was related to a higher
or an increased risk of chronic conditions,[S70-S94] wors-
ened birth outcomes,[S15, S95-S99] and problems with
cognitive function [S100]. Exposure to excessive noise was
linked to lower mental health outcomes,[S15, S24-S25]
and higher risk of ischemic heart disease[S101]. Available
evidence on the health risks of flooding suggest a higher
risk of carbon monoxide poisoning [S102] and adverse
long-term impacts on mental health[S103-S105]. Access
to, and engagement with, the natural environment was as-
sociated with numerous positive physical and mental
health outcomes[S9, S18, S21, S24-S26, S107-S109,
S111, S117]. Moderate quality evidence from one re-
view revealed that neighbourhood tree planting (also
known as ‘greening’) was associated with higher
health outcomes[S110].
Transport
As shown in Fig. 6, four planning principles associating
transport with a range of health impacts and outcomes
were identified. Moderate-to-high quality evidence sug-
gests that provision of active travel infrastructure for
walking and cycling is associated with higher or in-
creased mobility and physical activity [S1-S15]. Four
moderate-to-high quality reviews reported a positive or
null association [S17-S19] between infrastructure for
walking and cycling and weight status [S20]. Provision
of public transport was found to be associated with
higher physical activity [S111], better cardiovascular
outcomes in the general population,[S19] and a lower
fear of social isolation and improved mental
health[S15]. Initiatives to prioritise active travel and
road safety, such as traffic calming measures, were as-
sociated with a range of positive physical activity
behaviours,[S6, S9, S14, S112] a lower or reduced risk
of road traffic collisions and pedestrian injury[S29,
S112-S116] and a lower fear of crime [S28]. Moderate
neighbourhood tree planting (alsoquality evidence re-
vealed that enabling mobility for all ages and activities
through increased access to aesthetically pleasing rec-
reational space was associated with positive mental
health outcomes [S25-S26]. It has also been shown to
be associated with better pedestrian safety and higher
Fig. 4 Healthier food environment planning principles and modifiable features
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walking among adolescents, although the evidence
was less clear among children [S112].
Discussion
This umbrella review provides an up-to-date overview of
the evidence for associations between the built and nat-
ural environment and health. The review identifies four-
teen evidence-based, actionable planning principles
related to five distinct, yet interconnected aspects of the
built and natural environment: neighbourhood design,
housing, food environment, natural and sustainable en-
vironment, and transport. In accordance with previous
research, [2] evidence for the effectiveness of planning
principles on reducing health inequalities was sparse and
inconclusive. Overall, the findings of this review build
upon previous research in this area, [2, 9, 10, 12] while
also contributing a novel practical approach to guide the
planning and development of future built and natural
environment interventions and policies.
Strengths and limitations
A key strength of this study is the robustness and rigour
of the umbrella review methods applied. Evidence
reviews deemed to be of low quality were excluded from
the final analysis and findings are therefore based on the
best available and current evidence. However, caution is
advised as much of the review-level evidence examined
was reliant on findings from cross-sectional studies. In a
complex system [4] such as the built and natural envir-
onment, it is rarely possible or appropriate to undertake
an experimental approach (such as a randomised con-
trolled trial) that can in other circumstances offer the
best way of assessing causality. Wherever possible, ex-
perimental approaches should be undertaken in order to
develop the evidence base in this field, as they do often
offer the highest quality of evidence regarding causality.
The findings of this review are also limited in their in-
ability to draw firm conclusions about the impact of the
built and natural environment on health inequalities, as
studies with a specific health inequality outcome were
extremely rare.
The decision to focus purely on review-level evidence
has its drawbacks. Despite an extensive search of the litera-
ture it was soon realised that evidence from some original
empirical studies has yet to be systematically reviewed. Im-
portantly, this does not mean that characteristics of the
Fig. 5 Natural and sustainable environment planning principles and modifiable features
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built and natural examined to date only in empirical studies
are not important. Additional work could broaden the
scope of the review to include assessment of individual em-
pirical studies, although it is acknowledged that this would
represent a significant undertaking. Finally, the inclusion of
qualitative evidence reviews was beyond the remit of this
umbrella review, but future large-scale reviews may benefit
from the inclusion of qualitative evidence to explore the re-
lationship between health and the built and natural envir-
onment from a more in-depth perspective.
Implications for policymakers
Findings from this review strengthen the argument for
an upstream shift to address key built and natural envir-
onment obstacles to enable people to increase control
over, and improve, their health. Communication between
built environment and health professionals is essential.
Findings highlight the importance of local evidence-based
action to ensure settings- and place-based approaches
provide opportunities for people to live healthier lives.
Incorporating health needs and impact into the con-
ceptualisation, design and planning of infrastructural
projects, may assist policy makers, planners and built
environment professionals in the development of sus-
tainable communities.
Findings of this umbrella review were used to pro-
duce a series of diagrams to assist public health and
planning professionals in designing places that en-
hance the health and wellbeing of local people. The
diagrams clearly show where the evidence-based links
exist between planning principles and health out-
comes, indicating the strength of the evidence, and
the population groups that have been shown to bene-
fit. Although presented as five separate aspects of the
built and natural environment, the evidence indicates
interconnection between areas, particularly in terms
of actionable planning principles and modifiable fea-
tures. As such, we recommend that the results from
this umbrella review, and supporting diagrams for
each topic area, are taken together to provide a broad
overview of the evidence and to encourage thinking
that extends beyond a silo mentality. It is hoped these
resources will provide a useful tool to promote better
engagement between public health and planning pro-
fessionals, so that health can be effectively designed
in to spatial planning developments.
Fig. 6 Transport planning principles and modifiable features
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Conclusions
This umbrella review provides an up-to-date overview of
the evidence for associations between the built and nat-
ural environment and health. The review identifies
evidence-based, actionable planning principles, related
to five distinct aspects of the built and natural environ-
ment, and contributes a novel practical approach to
guide the planning and development of future built and
natural environment interventions and policies.
What is already known on this subject
 The natural and built environment plays a key role
in shaping the social and economic determinants of
health.
 Although associations between the environment and
health have long been established, there is often
insufficient evidence to ascertain causality.
What this study adds
 This study systematically assessed evidence from
recent systematic reviews on the association
between the built and natural environment and
health. The collation of evidence provides readers
with an overview of the research that has been
conducted in this field.
 The findings demonstrate evidence-based links be-
tween planning principles and health outcomes to
aid communication among planners and public
health professionals.
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